Medium effects in antibody-catalyzed reactions.
Catalytic antibody technology has been used to explore the contribution of medium effects to the overall rate of an enzyme-catalyzed reaction. An antibody generated against a derivative of 2-acetamido-1,5-napthalenedisulfonate efficiently catalyzes the decarboxylation of 5-nitro-3-carboxybenzisoxazole. This unimolecular reaction is not susceptible to general acid-base catalysis but is highly sensitive to microenvironment; thus, it provides a simple chemical model for biologically important decarboxylations. The 10(4)-fold rate acceleration observed for the antibody reflects the kinetic advantage of the low-dielectric environment of the binding pocket acting to destabilize the substrate by desolvation and to stabilize the charge-delocalized transition state through dispersion interactions. These results are pertinent to an understanding of solvent effects in enzymic reactions in general and suggest approaches for developing antibody catalysts for numerous other reactions that involve large changes in charge distribution as the reaction coordinate is traversed.